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Unraveling the gene regulatory network underlying mesoderm
subdivision in the sea urchin embryo
Stefan C. Materna, Eric H. Davidson
Division of Biology, California Institute of Technology, Pasadena,
CA 91125, USA
The mesoderm in the sea urchin gives rise to different cell types
including pigment cells and blastocoelar cells both of which have
immune function. Initially, the mesoderm forms a ring around the
skeletogenic lineage at the center of the vegetal plate. At the mesen-
chyme blastula stage this at the outset homogenous ring is subdivided
into an oral region (blastocoelar cells) and an aboral region (pigment
cells); formerly panmesodermal regulators, such as gcm, have become
confined to the aboral side. A number of genes whose vertebrate
orthologs are employed in hematopoiesis, including gatac, scl, ese, and
prox, become activated in the oral mesodermal patch. Targeted knock-
down of regulatory genes is a method to query the logic that underlies
specification events. Following exhaustive genetic perturbation of
potential upstream activators we monitored changes in transcription
of 180 (regulatory) genes that cover themesoderm and other territories
in the embryo with the Nanostring nCounter, a novel high throughput
method that allows accurate measurements of low abundance tran-
scripts. These experiments show that an initial Delta/Notch (D/N)
signal originating in the skeletogenic cells is necessary for the
establishment of both oral- and aboral-mesodermal regions. Also,
ectodermal genes that are involved in oral/aboral axis establishment
appear to play a significant role in mesoderm subdivision. Thus the
activation of oral mesodermal genes may be best described as an
ANDlogic between the D/N signal and an as yet to be identified signal
from the oral ectoderm, a hypothesis we are currently testing.
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The Gene Expression Database (GXD): A mouse developmental
data resource
Jacqueline H. Finger, T.F. Hayamizu, I.J. McCright, C.M. Smith, J.T.
Eppig, J.A. Kadin, J.E. Richardson, M. Ringwald
The Jackson Laboratory, Bar Harbor, ME, USA
The Gene Expression Database (GXD) is a large public resource of
mouse developmental expression information from both wild type and
mutant specimens. Data from a variety of RNA and protein assays,
including RNA in situ and immunohistochemistry data, are collected
from the scientific literature by curators and are contributed by
individual laboratories and large scale data providers. Using controlled
vocabularies, all data are annotated in standardized ways by GXD
curators, and images are included whenever possible. New data are
added daily. Currently, GXD includes over 64,000 expression images,
and almost 400,000 annotated results derived from about 34,000
expression assays, including data frommore than 1300mousemutants.
All these data are easy to access using query forms that enable searches
withmany different parameters. GXD is also integratedwith the genetic
and phenotypic information ofMouseGenome Informatics (MGI;www.
informatics.jax.org), providing expression data in a larger biological
context. GXD appreciates direct contributions to the database, and
curators are available to work with researchers. Accession numbers are
assigned to all data and are available for publications and grant
applications. GXD also freely distributes the Gene Expression Notebook
(GEN), an Excel-based program that can be used in the laboratory to
store expression data, images and probe information. The GEN can also
be used to contribute data to GXD. Visit the GXD homepage at www.
informatics.jax.org/expression.shtml.
NICHD grant HD033745.
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Sox3 regulates formation of the Neiuwkoop centre in zebrafish
Yu-Huan Shih, C.T. Dee, C.S. Hirst, Y.-R. Liu, Z.A. Laghari,
C.L. Kuo, P.J. Scotting
Department of Genetics, Biol., Univ. of Nottingham, Nottingham,
NG7 2UH, UK
Sox3 is amongst the earliest and most widely expressed
transcription factors in vertebrate embryos. We have shown that
sox3 plays an important role both in the formation of the zebrafish
nervous system and in later differentiation. In order to disrupt Sox3
function at earlier stages, when maternal sox3 protein may be
present, we have mutated the nuclear localization signals in Sox3 to
generate a dominant-negative construct. Sox3DNLS injected embryos
exhibited axis duplication at 24 h post fertilization (hpf). Also,
Sox3DNLS induced ectopic expression of Nieuwkoop centre and
organizer markers at 4–6 hpf while, in contrast, WT-Sox3 repressed
these. The effects of the Sox3DNLS could be rescued by WT-Sox3. The
ectopic expression of these markers was repressed by bozMO, and the
repression of organizer markers by WT-Sox3 could be compensated
by ectopic boz and sqt. In addition, the effects of the Sox3DNLS were
also repressed by DNTCF3 or bcat2MO, suggesting that they require
intact Wnt signalling. We show that Sox3 can counteract the
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transactivation activity of bcat2, indicating that Sox3 can repress Wnt
signalling. In conclusion, Sox3 is expressed throughout the epiblast
and ectoderm during embryo development and plays a role in
repressing Nieuwkoop centre and organizer formation by restricting
boz expression to the dorsal margin. Expression of Sox3DNLS alone is
sufficient to induce formation of an ectopic Nieuwkoop centre,
organizer and so, secondary axis. Together, these data suggest that
the presence of sox3 throughout the early embryo is a primary
determinant of the earliest pattern formation in zebrafish.
doi:10.1016/j.ydbio.2009.05.486
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Oct3/4 activates Cdx1 to terminate pluripotency at the onset
of gastrulation
Abraham Fainsoda, Sharon Zins Roussoa, Rachel Ben Haroush Schyra,
Michal Gura, Natalia Koutsi-Urshanskia,
Danila Baldessarib, Christof Niehrs
aDepartment Dev. Biol. and Cancer Res., Hebrew Univ.-Hadassah Med.
School, Jerusalem, Israel
bDivision of Molec. Embryol., German Cancer Res. Ctr.,
Heidelberg, Germany
Gastrulation is characterized by the differentiation of pluripotent
cells to generate the germ layers, a number of morphogenetic
movements, a decrease in cell proliferation and establishment of the
embryonic axes. We show by Cdx1 knock-down that this transcription
factor functions as a regulator of the onset of gastrulation in agreement
with its early expression. In a microarray-based approach to search for
Cdx1 targets, we identified the Xenopus Oct3/4-like genes, Oct60,
Oct25 and Oct91, as regulated by Cdx1. All three Oct3/4-like genes
function as gatekeepers of pluripotency and are expressed in
pluripotent cells in the embryo. In gain- and loss-of-function
experiments we show that Cdx1 negatively regulates the Oct3/4-like
genes during late blastula and early gastrula stages. These results place
Cdx1 at the crossroads between pluripotency and germ layer
formation. We further characterized the cross-regulatory network
between these genes showing, that during late blastula the Oct3/4-like
genes positively regulate Cdx1, and with the onset of gastrulation they
become negative regulators of Cdx1 transcription. A model is proposed
where the Cdx1 and the Oct3/4 genes establish a cross-regulatory
network that eventually leads to the loss of pluripotency and permits
the onset of gastrulation and early differentiation events.
doi:10.1016/j.ydbio.2009.05.487
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Real-time visualization of the zebrafish segmentation clock
Sharon L. Amacher, Emilie Delaune
Department of Mol and Cell Biology, UC Berkeley, CA, USA
The periodicity of somite formation is controlled by the segmenta-
tion clock, a molecular oscillator whose activity is revealed in the
presomitic mesoderm (PSM) by periodic transcription of cyclic genes,
such as zebrafish her1. Cells entering thePSMundergo several oscillation
cycles in synchrony with their neighbors before becoming part of a
somite. Several molecules, mainly Notch pathway components, are
required for clock function; however their precise role is unclear.
Although in situ hybridization has provided insights into oscillation
dynamics and Notch pathway gene function, live imaging of the clock
will provide much more information. Real-time clock visualization has
been achieved inmouse at the tissue level; we achieved this in zebrafish
at cellular resolutionusinga stable transgenic line that expresses aHer1-
Venus fusion under the control of her1 regulatory sequences. Combining
the fast maturing properties of the YFP derivative Venus with Her1
protein destabilization sequences overcame the challenge of the short
30-minute oscillation period in zebrafish. We find that Her1-Venus
signal is nuclearandoscillates outof phasewith its transcript, suggesting
a similar behavior for endogenous Her1. Using confocal imaging, we
track individual cells and quantify reporter expression over time.We are
characterizing reporter expression dynamics in wild type and Notch
mutant embryos, and observe that Notch mutant cells still undergo
oscillations, although neighbors are no longer synchronized. We also
find that after cell division, sister cells remain synchronized, even if they
oscillate outof phasewith their neighbors, andwe are characterizing the
resynchronization process.
doi:10.1016/j.ydbio.2009.05.488
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Pea3 ETS transcription factors function redundantly to regulate
FGF target genes and development in zebrafish
Wade Znoskoa, Gabriela Molinaa, Chengjian Lia, Warren Tsanga,
Igor Dawidb, Michael Tsanga
aMMG, Univ. of Pittsburgh, Pittsburgh, PA, USA
bLMG/NICHD/NIH, Bethesda, MD, USA
Fibroblast Growth Factors (FGFs) are secreted molecules that
activate the RAS/mitogen-activated protein kinase (MAPK) signaling
pathway to establish dorsal polarity, maintain the isthmic organizer,
and initiate proper ventricle formation in the zebrafish. The mecha-
nism whereby FGFs regulate these processes and the transcription
factors involved are not entirely resolved. The Pea3 ETS transcription
factors, Etv5, Erm, and Pea3 are expressed in the same domains as FGF
ligands during development and are thought to function in the FGF
pathway. We determined the role for Pea3 ETS factors in FGF signaling
and gene regulation through gain- and loss-of-function studies. Ectopic
expression of a constitutively activated form of Etv5 induced FGF target
transcripts, such as dual specificity phosphatase 6 (dusp6). The
simultaneous knock-down of Etv5, Erm, and Pea3 produced phenotypes
reminiscent offgf8 mutants, including the disruption of the mid-
hindbrain boundary (MHB) and altered heart formation. Furthermore,
the expression of FGF target genes was abolished in Etv5/Erm/Pea3
depleted embryos. To understand how Pea3 ETS factors control gene
expression the transcriptional regulation of dusp6 was studied. Two
putative Pea3/ETS binding sites were identified within the dusp6
promoter, and reporter assays show the requirement for one particular
Pea3 ETS site for FGF induction. In addition, we demonstrated the
interaction of Etv5-Ets DNA binding domain with the dusp6 promoter
in vitro. These results revealed the requirement of ETS factors in
transducing FGF signals during development.
doi:10.1016/j.ydbio.2009.05.489
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YAP is an important regulator of cellular differentiation
Stephen T. Geea,b, Sharon L. Milgrama,b,
Frank L. Conlonc, Sally A. Moodyd
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Yes-associated protein 65 (YAP) contains multiple protein–protein
interaction domains and functions as both a transcriptional co-activator
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